Introduction {#s1}
============

Respiratory disorders in pig breeding are economically important worldwide ([@R17]) Therefore, infectious agents in farms must be monitored. Respiratory disorders are multifactorial and the diseases depend on environmental conditions and the host--parasite relationships. *Mycoplasma hyosynoviae, Mycoplasma hyorhinis* and *Mycoplasma hyopneumoniae* are the most important species in swine farming ([@R1]). *M hyopneumoniae* is the primary agent of swine enzootic pneumonia (SEP), which causes high morbidity and low mortality in pigs ([@R16], [@R18]). However, *M hyorhinis* was also associated with SEP by [@R3]. However, for many decades, it was considered a secondary pathogen of SEP or a commensal of the upper respiratory tract.

Different molecular techniques may prove useful in future epidemiological studies to trace strains or to discern infection patterns. To perform such epidemiological studies, the choice of typing technique is critical. However, in the case of mycoplasmas, the value of different typing techniques has never been assessed. As long as whole genome sequencing is not easily attainable, typing techniques, which ideally represent the true phylogenetic relation between strains, are bound to their own intrinsic limitations ([@R17]). Concerned with diversity of mollicutes and their importance to cause respiratory disorders in pigs, the aim of this study was to recover mollicutes from respiratory tracts of pigs in herds and characterise the isolates using pulsed-field gel electrophoresis (PFGE) and 16S rRNA sequencing methodologies.

Materials and methods {#s2}
=====================

Sample collection {#s2a}
-----------------

Samples were collected from nasal mucus and tonsils of swine. These samples were obtained from four pig farms in São Paulo and Paraná/Brazil. In addition, the lungs of pigs were from two slaughterhouses in São Paulo. The samples of nasal mucus and tonsil were from 63 animals aged 8--16 weeks exhibiting coughing and sneezing. The swabs were rubbed onto the nasal cavity and tonsil, and then transferred to 2 ml of Friis medium and transported on ice to the laboratory. Fragments of 02 tracheas, 02 tonsils and 78 pig lungs were collected. Samples of trachea, tonsil and lung were obtained from two animals. The lungs with pneumonia lesions were selected during the inspection. The fragments of the trachea and tonsil were from animals with macroscopic lesions in all pulmonary lobes. The clinical samples were stored in sterile plastic bags and transported on ice to the laboratory. Briefly, swabs of chosen fragments were homogenised in the broth, filtered through 0.45 µm nitrocellulose membranes and diluted to 10^−4^ in fresh Friis broth. The agar plates were inoculated with 200 µl of each sample dilution. The cultures were incubated at 37°C in 5 per cent CO~2~ for up to 30 days ([@R20]).

Pulsed-field gel electrophoresis {#s2b}
--------------------------------

The isolates and the American type culture collection (ATCC) strains of *Mycoplasma hyorhinis* were subcultured in 12 ml Friis medium at 37°C. Just after pH shifting, each broth was centrifuged for 20 minutes at 16,300 *g*, washed twice with PBS and pelleted for 20 minutes at 16300 *g* before being homogenised in 400 μl of Tris--EDTA (10 mM Tris--HCl, 1 mM EDTA, pH 8.0). DNA from the pelleted cells was extracted in agar blocks as described by [@R12] and each block was digested with *Ava*I and *Xho*I enzymes (Life Technologies, Carlsbad, California, USA). The electrophoresis of the digested DNA was performed in 1.2 per cent ultrapure agarose gel (Bio-Rad) in 0.5 per cent Tris-borate-EDTA (TBE) buffer (90 mM Tris--borate and 1 mM EDTA) at 14°C in a CHEF Mapper DR-III (Bio-Rad). The program was standardised and carried out in one step for PFGE of products digested with *Ava*I and *Xho*I enzymes. The products were exposed to an electrical pulse time of 1--13 seconds for 16 hours. The gels were stained with ethidium bromide (0.1 μg/ml) for 60 minutes and photodocumented with UV light. The size of the fragments was measured using the Vilber Lourmat photodocumentation program. Dendrograms were constructed using the BioNumerics program. The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) was used to determine the genetic relationship between isolates and strains, applying the Dice similarity coefficient (per cent).

Sequencing of 16S rRNA and phylogenetic analyses {#s2c}
------------------------------------------------

DNA of cultured *Mycoplasma* in 2 ml of Friis medium was extracted according to the method described by [@R2]. The specific primer sets F16S and R16 to amplify 16S rDNA sequence were used as described by [@R4]. Primer sets RCO3 and RCO4 were used to better amplify internal regions (unpublished data). PCR products (10 μl) were then electrophoresed in 1 per cent agarose gel with 10 µg/ml of ethidium bromide and visualised with UV light (Vilber Lourmat, Germany). After confirmation of the only band, the PCR products were purified with GFX PCR DNA and Gel Band Purification Kit (GE Life Science, Brazil) and quantified by comparing with a Low Mass DNA Ladder (Invitrogen). These products were sequenced according to the MegaBACE 1000 protocol, using the DYEnamic ET Dye Terminator Kit (with Thermo Sequenase II DNA Polymerase). Sequences were analysed in the Sequence Analyzer software, Base Caller Cimarron 3.12. Phylogenetic analyses were performed using a BioNumerics program. Briefly, a multiple sequence alignment of the DNA sequences was constructed using the ClustalW ([@R19]). A phylogentic tree was obtained using the neighbour-joining method with Tajima-Nei correction. The data set was resampled 1000 times to generate bootstrap values.

Results {#s3}
=======

Isolation {#s3a}
---------

In the present study, 40 positive cultures (31.74 per cent) of *Mycoplasma* species were obtained in 126 samples of nasal mucus (63 animals) and tonsil (63 animals) with 20 isolates each. Ten animals presented *Mycoplasma* subspecies in both anatomical sites. Nineteen isolates (23.17 per cent) were obtained in lung fragments (78 samples), trachea (2 samples) and tonsil (2 samples). Of these 19 isolates, 17 (89.47 per cent) were obtained from the lung, one was obtained from the trachea and one from the tonsil. One animal showed recovery of *Mycolasm*a species in the lung, trachea and tonsil simultaneously. Among the 59 isolates of *Mycoplasma* species, 56 (94.91 per cent) were identified by PCR methodology. For *M hyorhinis*, two (3.39 per cent) were identified in two isolates as *Mycoplasma flocculare* and one (1.70 per cent) was identified as *M hyopneumoniae. M hyopneumoniae* was identified in a fragment lung sample.

Pulsed-field gel electrophoresis {#s3b}
--------------------------------

For PFGE analysis, among the 40 isolates of *M hyorhinis*, 26 (65 per cent) showed fragments after digestion with enzyme *Ava*I. For the enzyme *Xho*I, 23 isolates (57.50 per cent) showed DNA bands. The dendrogram obtained from *Ava*I digestion allowed grouping the *M hyorhinis* isolates in 11 clusters of similarity ranging between 70 per cent and 100 per cent ([Fig. 1](#VETRECO2014000093F1){ref-type="fig"}a). There was no formation group according to anatomical sites. Isolates 'Lung 083', 'Trachea 083' and 'Tonsil 083' were obtained from the same animal, but showed different profiles and were grouped into different clusters. The dendrogram obtained from the enzymatic profile using *Ava*I allowed for grouping the *M hyorhinis* isolates in nine clusters of similarity ranging between 70 per cent and 100 per cent ([Fig. 1](#VETRECO2014000093F1){ref-type="fig"}b). The dendrogram with *Xho*I and *Ava*I did not allow grouping *M hyorhinis* according to the site recovery of isolates.

![Dendrogram obtained by Unweighted Pair Group Method with Arithmetic Mean (UPGMA) cluster analysis of DNA fragments from *Mycoplasma hyorhinis* digested by the enzymes *Ava*I (a) and *Xho*I (b). F, refrigerator; P, farm; Nasal, Nasal swab; Tonsila, Tonsilar swab or tonsilar fragment; Pulmão, Lung. Arrow: cut-off 'Cluster'](vetreco2014000093f01){#VETRECO2014000093F1}

16S sequencing {#s4}
==============

The PCR products of *M hyorhinis* isolates mapped 1438 bases to the ATCC 17981 and the 16 isolates of *M hyorhinis* showed variations in 31 positions (data not shown). The *M hyorhinis* isolates were compared with other pathogenic porcine mycoplasmas ([Fig. 2](#VETRECO2014000093F2){ref-type="fig"}). Each group (A, B and C) was related to the species *M hyopneumoniae, M flocculare* and *M hyorhinis*, respectively. In group C, isolates of *M hyorhinis*, the reference ATCC 17981 strain and US 714234 strain showed similarity greater than 98 per cent.

![Dendrogram obtained from the sequences of 16S rRNA gene of *Mycoplasma* isolates from pigs and sequences deposited in the GenBank. Arrow: cut-off at least 97 per cent (suitable for intraspecific similarity analysis). F, refrigerator; P, farm; Nasal, Nasal swab; Tonsila, Tonsilar swab or tonsilar fragment; Pulmão, Lung](vetreco2014000093f02){#VETRECO2014000093F2}

Discussion {#s5}
==========

Several methodologies are used to detect mollicutes in infections, and culture remains the gold standard method. However, recovering these bacteria from clinical samples may be laborious and time consuming as occurs with *M hyopneumoniae*. Although the clinical signs of a respiratory infection in swine helps the diagnosis of this mycoplasmosis ([@R11]), the molecular diagnosis techniques are very helpful to detect these infectious agents in clinical samples.

In the present study, *M hyorhinis* was the most frequent mollicute recovered from the samples of tonsillar and nasal mucus, and organs of pigs with clinical signs of respiratory infection. These findings are consistent with the findings of a study conducted by [@R13] to detect *M hyorhinis*. [@R9] inoculated *M hyorhinis* in pigs and reproduced a SEP-like disease. Only recently has *M hyorhinis* been considered the primary agent of SEP ([@R22]).

The PFGE methodology characterised the field isolates of *M hyorhinis* by their DNA profiles and allowed for grouping them in clusters. The recovered *M hyorhinis* from different geographic regions and anatomical sites of studied pigs explains the heterogeneity described herein. In fact, [@R17] and [@R7] reported high DNA heterogeneity of *M hyopneumoniae* and *M hyosynoviae* recovered from pigs from different herds. The role and the consequences of genotypic variations continue to be almost unknown in mollicutes ([@R10]). The antigen variation due to variable surface lipoprotein genes was detected in isolates of *M hyorhinis* ([@R21]).

A number of 16S rRNA gene polymorphisms found between isolates and reference strains of studied *Mycoplasma* were variable, and intraspecific variation was more frequent than interspecific variation ([@R6]). [@R8] evaluated the sequencing of the 16S rRNA gene of 17 isolates of *Mycoplasma agalactiae* and 8 isolates of *Mycoplasma bovis*, finding 21 and 12 polymorphic positions, respectively. However, the interspecific analysis showed only four polymorphic positions. This analysis for *Mycoplasma capripneumoniae* isolates ranged from 11 to 17 nucleotides ([@R5], [@R14]).

The genomic subtyping of infectious agents is important to recognise the epidemiology of an outbreak, cross-transmission of a nosocomial pathogen, the source of infection, recognition of virulence and monitoring of vaccination programmes ([@R15]). The PFGE methodology used herein for *M hyorhinis* was helpful and reproducible, although this technique presents challenging issues during its execution. The 16S rRNA gene sequencing differences found in the present study mainly showed the genomic diversity of *M hyrohinis* in different anatomical sites of pigs and geographical regions. The different techniques described are useful for modelling the epidemiology of mycoplasmas isolated from pigs, which may be helpful for developing precautionary measures to control enzootic pneumonia in future.
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